Objective To determine histologic and immunohistochemical predictors of metastasis of feline diffuse iris melanoma (FDIM). Animals Globes from 47 client-owned cats enucleated for FDIM between January 1985 and December 2013. Procedures Hematoxylin and eosin-stained sections were evaluated for neoplastic invasiveness and cell morphology, necrosis within the neoplasm, inflammation, and glaucoma. Sections were immunolabeled with antibodies against melan-A, PNL2, E-cadherin, or B-Raf, and label intensity, percentage of labeled cells, and label homogeneity were semi-quantitatively graded. Medical records were evaluated, and referring veterinarians and clients were contacted to determine whether cats developed metastasis following enucleation. The log-rank test or Cox proportional hazards model was used to determine associations between histologic or immunohistochemical parameters and metastasis. Results Metastasis was suspected or confirmed in 9/47 (19%) cats. Extrascleral extension, necrosis within the neoplasm, a mitotic index of >7 mitoses in 10 high-power (9400) fields, choroidal invasion, and increased E-cadherin and melan-A label intensity were each associated with increased rate of metastasis. PNL2 label homogeneity was associated with decreased rate of metastasis. Decreased PNL2 label intensity and an increasing percentage of neoplastic cells labeled for melan-A each approached significance for increased rate of metastasis. Conclusions We report four histologic and three immunohistochemical parameters helpful in determining cats at risk of metastasis of FDIM. Further studies should determine if B-Raf mutations identified in human malignant melanomas are found in cats with FDIM and assess benefits of adjunctive therapy following enucleation of eyes with FDIM bearing poor prognostic indicators.
INTRODUCTION
The eye is the most common location for feline melanocytic neoplasia 1, 2 with feline diffuse iris melanoma (FDIM) accounting for 26% of feline submissions to, and 50% of feline neoplasms diagnosed by, an ocular pathology laboratory. 3 Feline diffuse iris melanomas typically begin as flat, hyperpigmented foci on the iris, but progress to affect larger portions of the iris, ciliary body, iridocorneal angle, and sclera, often in association with uveitis or glaucoma. 4, 5 Metastatic rates of 24-63% have been reported 1, 4 with metastasis typically occurring to distant organs, including liver, lung, spleen, lymph nodes, and bone. 1, 4, 6 Adjunctive therapy protocols following enucleation of globes with FDIM are not established. Additionally, progression and metastasis of FDIM are unpredictable with some early neoplasms metastasizing more rapidly, 1 and many locally advanced neoplasms not metastasizing. The only clinical prognostic indicator described for FDIM is the presence of secondary glaucoma, which carries a worsened prognosis. 5 In addition to being a poor prognostic indicator, the presence of secondary glaucoma in eyes affected by FDIM often warrants enucleation due to associated discomfort. By contrast, multiple histologic features associated with survival have been identified, but only following enucleation. Specifically, increased mitotic index 4 and neoplastic invasion of the ciliary body, 5 sclera, 5 and/or scleral venous plexus 4, 5 have each been associated with decreased survival. Because of the relative lack of clinical prognostic indicators, close monitoring and early removal of globes affected with pigmentary changes characteristic of FDIM are sometimes recommended. 5, 7 Due to the lack of clinical and histologic prognostic indicators, this study was designed to assess four molecular markers of potential value in prognostication for FDIM: melan-A, PNL2, E-cadherin, and B-Raf. Melan-A is an antigen expressed by cells of melanocyte origin. In vitro studies of cell lines obtained from canine cutaneous melanocytic neoplasms have shown decreased expression of melan-A in malignant neoplasms relative to benign neoplasms. 8 Additionally, silencing of the melan-A gene (MART1) in a human uveal malignant melanoma cell line which expressed melan-A was associated with increased migration of cultured cells and down-regulation of expression of a metastasis suppressor gene, NM23, compared to control cell lines. 9 Finally, human patients with cutaneous malignant melanomas that expressed melan-A had longer survival times than those who did not. 10 PNL2 is an antibody directed against an unidentified antigen also expressed by normal and neoplastic melanocytes, 11 but whose prognostic value in human and feline melanocytic neoplasms is unknown. E-cadherin is a transmembrane protein responsible for cell adhesion. Downregulation of E-cadherin is associated with metastasis in a range of neoplasms, including human cutaneous malignant melanomas. 12 B-Raf is a proto-oncogene product with a role in the mitogen-activated protein kinase (MAPK) signaling pathway. [13] [14] [15] [16] Gain-of-function mutations in B-Raf have been identified in human cutaneous and uveal malignant melanomas 14, 17, 18 and are of particular importance because inhibitors of B-Raf and other kinases are currently being investigated as adjunctive chemotherapeutic agents. [19] [20] [21] [22] Despite the increasing appreciation of the value of these markers in other neoplasms or uveal melanocytic neoplasms of other species, to the authors' knowledge, studies investigating the prognostic value in FDIMs of melanocyte antigens, cellular adhesion molecules, and oncogenes/proto-oncogenes are lacking. Meanwhile, improved understanding of the biological behavior of FDIM at the molecular level would be of extraordinary clinical value. Validated molecular diagnostic assays could be used to guide decision-making regarding staging and therapy, especially if they could be used on cytologic samples gained by intraocular aspiration or incisional uveal biopsies rather than enucleated globes, as this would permit clinicians to preserve what are typically visual and comfortable eyes. Additionally, given the increasing specificity of some chemotherapeutic agents, identification of target molecules could help clinicians to design individualized antineoplastic therapy in multiple species.
We hypothesized that FDIMs in globes enucleated from cats that developed metastasis would be more likely to display increased histologic indicators of aggressiveness (including extension beyond the iris, inflammation, and/or glaucoma); decreased expression of melan-A, PNL2, and E-cadherin; and increased expression of B-Raf relative to FDIMs which had not been demonstrated to metastasize. Ultimately, we believe that a panel of validated immunohistochemical markers will be useful to determine which patients may benefit from adjunctive treatment following surgery, and may help to identify effective, targeted therapies. Therefore, the purpose of this study was to evaluate FDIM-affected, enucleated globes from a population of cats in which follow-up information regarding metastasis was available, so as to determine histologic and immunohistochemical predictors of metastasis.
MATERIALS A ND ME THODS

Sample population
The University of California (UC), Davis, Veterinary Medical Teaching Hospital (VMTH) pathology database was searched for all globes diagnosed with FDIM between January 1, 1985 and December 31, 2013. Cases diagnosed with, or subsequently interpreted as, iridal melanosis were excluded. This collection includes globes from cats enucleated by members of the Ophthalmology Service at the UC Davis VMTH as well as external submissions to the UC Davis Comparative Ocular Pathology Service. Medical records for affected cats were reviewed for data regarding breed, sex, age, affected eye, and a clinical diagnosis of glaucoma; dates of initial presentation and enucleation; histopathologic diagnosis; and staging, especially necropsy data and diagnostic test results. For patients presented to the UC Davis VMTH for enucleation, data were obtained directly from the electronic medical record. For patients from which eyes were submitted by external practitioners, all referring veterinarians were contacted by telephone or email. For cats in which follow-up information was not available in this manner, owners were contacted by phone or email. All data retrieval was carried out in a consistent manner by a single author (KTW). For the purposes of this study, metastasis was defined as 'confirmed' if melanocytic neoplasia at a nonocular site was diagnosed using cytology and/or histopathology, or as 'suspected' if there was radiographic or ultrasonographic evidence consistent with metastatic disease.
Histopathologic evaluation
Archived, hematoxylin and eosin-stained parasagittal sections of enucleated globes were evaluated; sections were recut and restained if stain quality was considered poor. Specimens submitted prior to 2004 were fixed in Bouin's solution for 12-24 h and rinsed in 70% ethanol. Subsequent specimens were fixed in 10% neutral-buffered formalin for 12-24 h for internal submissions and up to 96 h for external submissions that required shipping. Because fixative choice can affect immunohistochemistry (IHC) results, quality of immunohistochemical labeling of samples fixed in Bouin's solution was compared to positive controls, and formalin-fixed specimens; if poor labeling secondary to fixative type was noted, all samples fixed in that way were excluded from analysis. Sections were evaluated for the extent of invasion of atypical melanocytes (i.e., cells with at least some morphologic features of atypia such as increased nuclear to cytoplasmic ratio, nucleoli, and/or mitotic figures). The presence of neoplastic melanocytes on the anterior iris surface was recorded, and the degree of invasion was defined anatomically as involving the iris stroma, trabecular meshwork, ciliary body, choroid, or sclera. Disruption of the iris pigment epithelium, extrascleral extension, or scleral vascular invasion by neoplastic cells was also recorded. Neoplasms were evaluated for the presence of necrosis. Overall neoplastic cell morphology was classified as epithelioid, spindle, or mixed, and presence or absence of neoplastic cells with 'balloon cell' morphology (cells with abundant pale to clear or vacuolated cytoplasm with variable melanin density) was recorded. Neoplastic cells were semi-quantitatively graded for anisocytosis, anisokaryosis, and degree of pigment intensity (none, mild, moderate, marked), and percentage of neoplastic cells containing melanin (0%, 1-25%, 26-50%, 51-75%, 76-100%). Mitotic index was defined as number of mitotic figures noted in 10 high-power (9400) fields (HPF). Globes were evaluated for uveal inflammation and glaucoma (present or absent). Two investigators (CMR, KTW) jointly reviewed all sections and came to a consensus on all assessments.
Immunohistochemical optimization for B-Raf
The putative feline B-Raf amino acid sequence was obtained from an online source (www.ensembl.org). Assessment with an online basic local alignment search tool (BLAST; blast.ncbi.nlm.nih.gov) revealed 93% sequence homology with the human wild-type B-Raf. Two anti-B-Raf antibodies (polyclonal rabbit anti-human, Abnova #18511 and #3946, Taipei City, Taiwan) were selected because the proprietary target epitopes were 100% homologous with the corresponding region within the putative feline B-Raf amino acid sequence. Tissues used as positive and negative controls were based on manufacturer recommendations for human tissue as well as immunohistochemical labeling of normal human tissues identified in the Human Protein Atlas (www.proteinatlas.org), namely normal canine and feline testis and feline rectum for positive controls, and normal feline colon and lung as negative controls. Slides were deparaffinized and rehydrated in xylene and graded alcohols, prior to 10 min blocking against endogenous peroxidases using 0.03% hydrogen peroxide in 4% methanol (Dako, Carpinteria, CA, USA). Slides were then rinsed three times with phosphate-buffered saline (PBS; pH 7.4) + 0.5% Tween before 1 set of slides was subjected to heat antigen retrieval using a microwave, while a duplicate set of slides was not subjected to any form of antigen retrieval. Tissues were blocked with 10% heatinactivated equine serum in PBS for 20 min at 22°C. Doubling dilutions of anti-B-Raf antibody from 1:100 to 1:400 were applied to slides for 30 min at 22°C in a humidified chamber. Slides were again rinsed three times with PBS + 0.5% Tween. Three to five drops of biotinylated goat anti-rabbit IgG (Biocare 4+ goat anti-rabbit IgG, #GR608; Biocare Medical, Concord, CA, USA) were applied and incubated for 13 min at 22°C in a humidified chamber. Slides were again rinsed three times with PBS + 0.5% Tween. Three to five drops of streptavidin horseradish peroxidase label (Biocare 4+ horseradish peroxidase, #HP604; Biocare Medical) were applied and incubated for 10 min at 22°C in a humidified chamber. Slides were again rinsed three times with PBS + 0.5% Tween. Horseradish peroxidase substrate (NovaRed, Vector Labs, Burlingame, CA, USA) was prepared according to the manufacturer's instructions, and 3-5 drops were applied to slides for approximately 30 s at 22°C. Slides were rinsed in deionized water for 5 min. Mayer's hematoxylin was applied to slides for 6 s at 22°C, and slides were subsequently washed in tap water until all counterstain was removed. Slides were air-dried overnight, and a coverslip was placed with the aid of Shandon-Mount mounting medium (ThermoFisher Scientific, Waltham, MA, USA). Abnova anti-B-Raf antibody #18511 at a dilution of 1:100 and without heat antigen retrieval provided the strongest and most consistent labeling of positive samples; however, a 1:200 dilution also provided adequate results while requiring less antibody per sample. Once optimized, the protocol was used to batch process all ocular specimens.
Immunohistochemical evaluation
Archived paraffin-embedded enucleated globes were serially sectioned at 5 lm for all IHC. In addition to the FDIM samples, a histologically normal formalin-fixed globe from a cat euthanized for reasons unrelated to this study was also sectioned to evaluate the labeling characteristics of normal iris melanocytes. Immunohistochemistry for melan-A, PNL2, and E-cadherin was performed routinely using protocols currently in place in the UC Davis VMTH Histology Laboratory for veterinary diagnostic use. Briefly, all slides were deparaffinized in xylene and rehydrated in graded alcohols, prior to 20 min blocking against endogenous peroxidases using 0.03% hydrogen peroxide in 4% methanol (Dako). Slides to be treated with anti-melan-A (monoclonal mouse anti-human, Vector Labs, #VP-M646) or anti-E-cadherin (BD Biosciences, San Jose, CA, USA) antibodies underwent heat antigen retrieval in citrate buffer (Dako 910 citrate buffer, #S1699) at 100°C for 30 min. Slides treated with anti-PNL2 (monoclonal mouse anti-human, Dako #N160187-2) or anti-B-Raf (polyclonal rabbit anti-human, Abnova #18511, Taipei City, Taiwan) antibodies did not require antigen retrieval. Antibody dilutions and incubation conditions for primary antibodies were as follows: melan-A, 1:200 for 3 h at 22°C; PNL2, 1:100 for 30 min at 22°C; E-cadherin, 1:500 for 30 min at 22°C; B-Raf, 1:200 for 30 min at 22°C. Phosphate-buffered saline was used as a negative control. Feline uveal melanocytes were used as an internal positive control for melanocyte markers. Bulbar conjunctival epithelium was used as an internal positive control for E-cadherin. Feline testis and rectal epithelium were used as positive controls for B-Raf. Following rinsing three times in PBS + 0.5% Tween, slides were incubated with biotinylated goat anti-rabbit secondary antibody (Biocare 4+ goat anti-rabbit IgG, #GR608; Biocare Medical) for 13 min at 22°C and rinsed three times in PBS + 0.5% Tween. Slides were then incubated with streptavidin-conjugated horseradish peroxidase (Biocare 4+ horseradish peroxidase, #HP604; Biocare Medical) for 10 min at 22°C and rinsed three times in PBS + 0.5% Tween. NovaRed chromagen detection system (Vector Labs) was reconstituted as per the manufacturer's instructions and used for development with standardized development times for each antibody, as determined by optimal chromagen intensity before the development of background. Chromagen development time was as follows: 9 min for melan-A, 5 min for PNL2, 8 min for E-cadherin, and 45 s for B-Raf. Slides were rinsed in deionized water for 5 min followed by placement of 3-5 drops of Mayer's hematoxylin counterstain for 6 s at 22°C. Slides were rinsed in tap water and air-dried. Glass coverslips were applied with Shandon-Mount medium (ThermoFisher Scientific) and allowed to dry overnight. Following labeling, all sections were semi-quantitatively graded for percentage of positively labeled neoplastic cells (0%, 1-25%, 26-50%, 51-75%, 76-100%). Overall label intensity (i.e., the label intensity of ≥50% of neoplastic cells) was assessed semi-quantitatively (none, mild, moderate, strong) using an internally derived scale between the negative control (none) and the most intensely labeled slide (strong). Homogeneity of labeling across the neoplasm was noted as a binary variable (homogeneous or heterogeneous) based on the necrosis-independent variability noted at 9100 or lower magnification. Two investigators (CMR, KTW) jointly reviewed all sections and came to a consensus on all IHC assessments.
Statistical analysis
A log-rank test was used to determine which binary clinical, histopathological, and immunohistochemical parameters evaluated were significantly associated with the development of metastasis. For categorical variables, a Cox proportional hazards model was used. For each comparison, a P-value ≤0.05 was considered significant. Where possible, Kaplan-Meier plots of the estimates of metastasis-free probability vs. time were created for parameters in which statistical significance was demonstrated.
RE SUL TS
Sample population
Forty-seven globes (24 right eyes and 23 left eyes) from 47 cats diagnosed with FDIM and for which follow-up information was available were identified. The majority were domestic cats (30 short-haired, four medium-haired, seven long-haired), along with two Persians, and one each of Siamese, Burmese, Manx, and an unspecified breed. There were 23 male-castrated and 23 female-spayed cats, with one cat of unidentified sex and neuter status. Secondary glaucoma was diagnosed in 32 (68%) eyes and was not significantly associated with metastasis (P = 0.36). Median (range) time from initial presentation to enucleation was 20 days (0 days-10 years), and median (range) age at histopathologic diagnosis was 10.4 (2.8-23.1) years. Metastasis was suspected in seven cats based on thoracic radiographs (n = 1) or abdominal ultrasound (n = 6), or confirmed in two cats based upon necropsy with histopathology, for a total (confirmed or suspected) metastatic rate of 9/47 (19%) cats. Median (range) times from histopathologic diagnosis to the detection of metastasis [9.8 months (28 days-1.8 years)] or euthanasia due to suspected/confirmed metastasis [9.8 months (28 days-1.9 years)] were very similar.
Histopathologic evaluation
A histologic diagnosis of FDIM was confirmed in all cases (n = 47). Thirty-one neoplasms (66%) possessed a mixed epithelioid-spindle cell morphology, 16 (34%) were composed only of epithelioid cells, and none was composed solely of spindle cells. Balloon cells were detected in 12 (26%) of neoplasms. Neither cell morphology nor presence of balloon cells were associated with metastasis (P = 0.7-0.9). Median (range) mitotic index was 4 (0-100) mitoses in 10 HPF. Neoplastic cells were detected within the anterior iris and iris stroma of all cats and disrupted the posterior iris pigment epithelium in >75% of cats. Frequencies at which other histopathologic parameters were detected ranged widely (Table 1) . Likewise, semiquantitative assessment of neoplastic cell anisocytosis, anisokaryosis, and degree of pigment intensity, as well as percentage of neoplastic cells containing melanin also ranged widely (Table 2) . Considering all histopathologic parame-ters, four were significantly associated with increased rate of metastasis: extrascleral extension of neoplastic cells (P = 0.039), necrosis within the neoplasm (P = 0.026), >7 mitoses in 10 HPF (P = 0.024), and choroidal invasion (P = 0.045) (Fig. 1) . Plots showing estimates of the probability of cats remaining metastasis-free as a function of time following a histologic diagnosis of FDIM with or without each of these four histopathologic parameters are shown in Fig. 2 .
Immunohistochemical evaluation
Melan-A IHC results for Bouin's-fixed specimens (n = 6; 2 with confirmed/suspected metastasis) were excluded due to suboptimal labeling of internal control tissues (melanocytes, tapetal iridocytes). Other antibodies were not affected by fixation method. Thus, melan-A data were derived from 41 globes (7 with confirmed/suspected metastases) and PNL2, E-cadherin, and B-Raf data were derived from 47 globes (9 with confirmed/suspected metastases). Melan-A, PNL2, and E-cadherin were expressed by iridal melanocytes in the normal control cat and in all iridal regions unaffected by neoplasia in the study cats. By contrast, B-Raf was not expressed by normal iridal melanocytes (Fig. 3) . The percentage of immunohistochemically labeled neoplastic cells ranged greatly for all four markers; however PNL2 labeling was detected in all globes and was present in the greatest percentage of cells compared with the other three markers assessed (Fig. 4) . Likewise, label intensity ranged widely but was commonly mild or moderate for melan-A, E-cadherin, and B-Raf, and strong for PNL2 (Fig. 4) . Representative photomicrographs of mild, moderate, and strong labeling of neoplastic melanocytes are shown in Fig. 5 . The association between rate of metastasis and percentage of neoplastic cells that were labeled approached significance for melan-A (hazard ratio [HR] = 1.8; 95% confidence interval [CI] = 0.97-3.2; P = 0.062). There was no significant association between rate of metastasis and percentage of neoplastic cells that were labeled for PNL2 (HR = 2.1, 95% CI = 0.35-13.4, P = 0.41), E-cadherin (HR = 1.7, 95% CI = 0.8-3.5, P = 0.17), or B-Raf (HR = 1.5; 95% CI = 0.86-2.8; P = 0.14). There was a positive association between increased rate of metastasis and label intensity for melan-A (HR = 2.8; 95% CI = 1.2-6.9; P = 0.023) and E-cadherin (HR = 5.1; 95% CI = 1.1-23.8; P = 0.036) ( Figs 3 and 4) ; this association approached significance for PNL2 (HR = 0.29; 95% CI = 0.076-1.1; P = 0.072), but significance was not detected for B-Raf (HR = 1.5; 95% CI = 0.66-3.7; P = 0.31). Homogenous IHC labeling was identified in 16 (39%), 24 (51%), 9 (20%), and 26 (55%) of globes labeled with melan-A, PNL2, E-cadherin, and B-raf, respectively. Homogenous labeling of PNL2 (Fig. 3 ) was associated with a decreased rate of metastasis (P = 0.0082), but no similar associations were detected for melan-A (P = 0.42), E-cadherin (P = 0.30), or B-Raf (P = 0.30). A plot showing an estimate of the probability of cats remaining metastasis-free as a function of time following a histologic diagnosis of FDIM with or without homogenous labeling of PNL2 is shown in Fig. 6 .
DISCUSSION
The present study introduces three novel and further defines a fourth clinically useful histologic indicators of metastasis for cats with FDIM-specifically, extrascleral neoplastic extension, necrosis within the neoplasm, a miotic index >7, and choroidal invasion. Although extrascleral extension, necrosis within the neoplasm, and choroidal invasion have not previously been identified as risk factors for metastasis in cats with FDIM, 4,5 the association seems logical because they are typically indicators of rapid or infiltrative growth. Two studies of melanocytic neoplasia in dogs have shown that necrosis within the neoplasm is associated with a malignant phenotype; however, neither study investigated the association between necrosis and metastatic risk. 23, 24 Furthermore, extraocular extension was detected more commonly in human uveal melanomas with necrosis than in those without necrosis. 25 We also confirmed and further defined the risk associated with a high mitotic index. Although this feature was previously associated with a worse prognosis, a specific cut-off value was not identified. 4 Our finding that a mitotic index >7 was associated with increased rate of metastasis may be of some immediate prognostic value for clinicians and pathologists, but requires further investigation and validation. It would be extremely useful to further assess this via quantification of a proliferation marker. For example, Ki67 is a prognostic indicator in canine melanocytic neoplasms, [26] [27] [28] [29] with one report 26 also including feline melanocytic neoplasms of nonocular origin. Therefore, MIB1, the antibody against Ki67, should be applied to biopsy or cytology specimens from feline globes with benign nevi or FDIM as an association between mitotic index and MIB1 labeling, as well as associations between MIB1 labeling and risk of metastasis would be particularly useful.
Unlike previous studies which identified scleral venous plexus invasion by neoplastic cells as a negative prognostic indicator, 4 ,5 the present study failed to identify a similar association. Because only one section of each globe was assessed histologically in the present study, it is possible that invasion of the scleral vessels by neoplastic cells may have been missed; however, evaluation of only one section is routine in histologic practice. By contrast, we did identify a significant association between metastasis and both extrascleral extension and choroidal invasion of neoplastic cells in the present study. Therefore, it is possible that cats in the present study may have developed metastasis through invasion of blood vessels other than the scleral venous plexus. Neither a clinical diagnosis of glaucoma nor histologic evidence of glaucoma was associated with the development of metastasis in the present study. This is in contrast to a previous study which identified secondary glaucoma as a negative clinical prognostic indicator. 5 While it is still recommended that eyes with FDIM and uncontrolled secondary glaucoma be removed to restore comfort, the results of the present study suggest that these tumors can metastasize without first affecting the drainage of aqueous humor. Conversely, based on our data, the presence of glaucoma does not appear to increase metastasis rate, highlighting the difficulty of clinical prognostication and decision-making regarding the appropriate time to enucleate. Although immunohistochemical features of feline intraocular neoplasms have been described, 30 it has been performed only to assess association between neoplasms and lens capsule rupture or to aid in the diagnosis of poorly differentiated neoplasms. To the authors' knowledge, the present study is the first to identify immunohistochemical predictors of metastasis in FDIM. Here, we showed that increased label intensity of melan-A and E-cadherin was associated with an increased rate of metastasis and that homogenous labeling of PNL2 was associated with a decreased rate of metastasis. Furthermore, increased percentage of neoplastic cells labeled for melan-A and decreased PNL2 label intensity approached significance for increased rate of metastasis. Each of these markers warrants further discussion. Melan-A (also known as MART-1) is the product of the MLANA gene and is considered less sensitive but more specific for the diagnosis of melanocytic neoplasms than are other immunohistochemical markers such as such as S100, vimentin, and neuron-specific enolase. 31, 32 Our finding that increased melan-A label intensity was associated with metastatic potential of FDIM was in contrast to our hypothesis and suggests that neoplastic feline uveal melanocytes behave less like neoplastic cells within human and canine cutaneous melanocytic neoplasms. In vitro studies using cell cultures derived from canine oral or cutaneous melanocytic neoplasms revealed that cells from malignant neoplasms labeled weakly or not at all for melan-A, whereas those from benign neoplasms demonstrated moderate to strong labeling. 8 Similarly, human patients with positive expression of melan-A within cutaneous malignant melanoma cells survived longer than did those whose tumors were melan-A negative. 10 A histologic and immunohistochemical study of malignant melanomas of the head and neck in humans, however, failed to find any association between melan-A labeling and overall or metastasis-free survival. 33 The expression of melan-A as a prognostic indicator may be less clear. An in vitro study of human uveal malignant melanomas showed that silencing of the MART-1 gene led to increased migration of cultured cells. 9 But an immunohistochemical study of human uveal malignant melanomas and metastatic lesions showed that all primary uveal and metastatic samples labeled for melan-A, whereas 17% of cutaneous malignant melanomas and their metastases did not. 34 This knowledge will facilitate exploration of therapeutic options. For example, melan-A is recognized by T lymphocytes. 35 Therefore, cats with FDIM expression of melan-A may be candidates for immunotherapy using vaccines or genetically modified cytotoxic T lymphocytes.
PNL2 is a monoclonal antibody directed against an unknown antigen associated with cells of melanocytic origin. 11 It is more sensitive and specific for the identification of human head and neck mucosal malignant melanomas than is melan-A or S100, 36 and more sensitive than melan-A and tyrosinase for the identification of canine melanocytic neoplasms, with a near 100% sensitivity when used in conjunction with melan-A. 37 To the authors' knowledge, however, PNL2 expression of feline melanocytic neoplasms has not been reported, and its utility as a prognostic indicator in melanocytic neoplasms in any species is unknown. Data from the present study reveal that PNL2 labeling intensity and homogeneity are reduced in metastatic FDIM suggesting that decreased expression of this melanocytic marker may indicate more aggressive biologic behavior. Because almost 70% of neoplastic cells labeled strongly with PNL2, prediction of metastasis in individual cats with FDIM may be more reliably achieved through analysis of label intensity of this immunohistochemical marker than of other immunohistochemical markers tested in the present study. Verification of these data and further exploration of this relationship in uveal melanocytic neoplasms of other species as well as melanocytic neoplasms from nonocular sites would be very valuable. E-cadherin, a transmembrane protein responsible for cell adhesion, plays an important role in metastasis of human cutaneous malignant melanomas. 12 Re-establishment of E-cadherin expression by melanocytic neoplastic cells in vitro prevents proliferation and migration, restores keratinocyte-mediated growth control, 38, 39 and inhibits pulmonary metastasis in a murine model of malignant melanoma. 40 In human uveal malignant melanomas, however, neoplasms with increased risk of metastasis have epithelioid morphology and demonstrate upregulation of genes associated with this phenotype including E-cadherin. 41 Furthermore, upregulation of the E-cadherin gene is associated with metastatic uveal melanocytic neoplasms in dogs. 42 Thus, it was not surprising to find in the present study that increased E-cadherin label intensity in FDIM conferred a fivefold increased rate of metastasis. This suggests that molecular behavior of FDIM is similar to that of uveal melanocytic neoplasms in other species, but not cutaneous melanocytic neoplasms. Epithelioid cell morphology, however, was not found to be a risk factor in this study. Thus it appears that the tissue in which melanocytic neoplasms arise contributes to E-cadherin significance. 41 As cutaneous melanocytic neoplasms arise from epithelium, downregulation of cell adhesion molecules would be necessary for these cells to leave the tissue of origin. In contrast, uveal melanocytic neoplasms do not arise within epithelium and increased adhesion molecule expression may facilitate metastasis to distant organs. Surprisingly, none of the immunohistochemical label parameters for B-Raf was associated with rate of metastasis in the present study. B-Raf is an oncoprotein with a role in the MAPK signaling pathway. [13] [14] [15] Gain-of-function BRaf mutations lead to cellular proliferation and avoidance of apoptosis 14 and have been identified in cultured human uveal malignant melanoma cell lines and primary uveal malignant melanoma samples, but to a lesser extent compared to human cutaneous malignant melanomas. 17, 18 Mice-possessing mutations in both the BRAF and MC1R genes have a higher rate of cutaneous malignant melanoma in the absence of UV-light stimulation than do darkly pigmented or albino mice. 43 The MC1R gene encodes the melanocortin 1 receptor, which is responsible for eumelanin production; inactivation of the receptor leads to a shift in melanin production to pheomelanin. Based on their histologic appearance, feline iridal melanocytes are believed to contain notable amounts of the lighter gold pheomelanin packaged in elongated melanosomes in addition to scattered dark brown to black eumelanin packaged in rounder melanosomes. Therefore, we hypothesized that B-Raf may be involved with the metastatic potential of FDIM. However, as we failed to show a significant association between B-Raf labeling and metastasis, B-Raf may only be a requirement for neoplasm development. Further studies are required to elucidate whether and in what manner the B-Raf we have identified in histologic samples of FDIM is mutated as this may prove to be an excellent molecular marker of metastasis as well as permit targeted therapies in future. [19] [20] [21] [22] A previous report identified a metastatic rate for FDIM of 63% and a mean survival time of only 156 days. 1 Another study published 3 years later reported a metastatic rate of 24%. 4 Compared with these reports, the metastatic rate and median survival time of cats in the present study were lower and higher, respectively. While direct comparisons between studies are difficult, this may represent an increasing awareness of the metastatic potential of FDIM. Unfortunately, high metastatic rates, in conjunction with a lack of reliable prognostic indicators, often lead clinicians to enucleate comfortable and visual globes in which FDIM is suspected in the hope that metastasis will be prevented. While histologic data provide some guidance for this decision, most require enucleated whole globes to make this decision. Future work should investigate whether histologic markers identified in the present study as significantly associated with metastasis are similarly useful when applied to incisional biopsy samples, iridal aspirates, or aqueocentesis samples containing free-floating neoplastic melanocytes as assessment of biopsy or cytologic specimens for these markers may help to prevent or delay enucleation. However, immunolabeling of cytologic samples would first require optimization and validation. The similarity between median times from diagnosis to detection of metastasis and to euthanasia because of suspected or confirmed metastasis in the present study highlights the importance of determining if adjunctive treatments such as chemotherapy or radiation therapy will prolong survival for those cats with enucleated globes demonstrating poor prognostic indicators. Additionally, regular staging of patients by use of thoracic radiographs and abdominal ultrasonography would also be required to determine if adjunctive treatments prolong the time between enucleation and detection of metastasis and between detection of metastasis and death. As no postoperative treatment protocols currently exist for FDIM, and no cats in this study received further treatment following surgery, future studies should examine the efficacy of adjunctive therapy in extending survival time by delaying metastasis. The median time of 20 days from initial presentation to enucleation indicates that most cats were not monitored for long prior to surgery. This study, however, did not determine exactly when iris color changes were first noted by the owner or primary care provider; as the majority of the globes were assessed by veterinary ophthalmologists following referral from general practitioners, the changes to the iris on ophthalmic examination were most likely advanced enough to warrant enucleation thus influencing the length of time between initial presentation and surgery.
In summary, the present study reveals that necrosis within the neoplasm, extrascleral extension of the neoplasm, a mitotic index of >7, and choroidal invasion each was significantly associated with a greater rate of metastasis in cats with FDIM. Furthermore, increased E-cadherin and melan-A label intensity were also associated with an increased rate of metastasis. Meanwhile, PNL2 is a marker of particular interest, with reduced labeling apparently associated with a poorer prognosis. While not associated with the development of metastasis in the present study, B-Raf remains a protein of interest given the presence of pheomelanin within the feline iris, and warrants investigation as a therapeutic target. 
